We describe the oxidation of flavanones by employing phenyliodonium diacetate to form the flavone (15), isoflavone (8) and 2,3-dihydrobenzofurane (18) in this study. The oxidative method was found to be regioselective and dependent on the substitution pattern present on the two aromatic rings of the starting flavanone. The structures of products obtained were fully characterized by using IR, 1 H and 13 C NMR spectroscopy and Mass spectrometry. X-ray crystallography further confirms the structures of flavones and isoflavone. The density field theory calculations have also been performed to get more insight about the structures, electronic and spectroscopic properties of synthetic flavonoid derivatives. The geometrical parameters such as bond lengths and angels showed a good correlation with the values obtained through X-ray crystallography. Moreover, the theoretically simulated vibrational and UV-vis spectral values are in agreement with the experimental results.
Introduction
Flavonoids are attractive targets in organic synthesis due to their presence in a wide variety of natural and synthetic compounds of biological significance [1] . They have been classified as neutraceuticals and are found in broad range of plant species and other foodstuffs including green tea, grapes, parsley, wine, and chocolates [2] [3] [4] . Flavonoids exhibit a range of biological activities, which include anticancer, antiinflammatory, antiviral, antibacterial and antioxidant properties [5] [6] [7] . Quercetin 1 [8] , genistein 2 [9] and lawsonicin 3 [10] are just a few bioactive natural flavonoids having a flavone, isoflavone and benzofuran core structure respectively ( Figure 1 ). The regioselective efficient assembly of these moieties remains a synthetic challenge for organic chemists.
The oxidative rearrangement of flavanone has enduring importance in chemical synthesis as it provides an expedient access to flavones, isoflavones, and benzofuran derivatives from the corresponding starting materials [11] [12] [13] . In our previous report regarding the synthesis of lawsonicin 3 [14] , we used Tl(III) salt for the said oxidative rearrangement which is one of the classical reagent for such transformation. Although, it proved successful on simple flavanone in low yield but the attempt to rearrange 6,7-disubstituted flavanones failed to yield functionalized 2,3-dihydrobenzo [b] furan, the precursor to lawsonicin 3. As a result, we explored that a new reagent to perform this oxidative rearrangement in a regioselective manner.
Hypervalent iodine compounds have been considered on priority as they have significant impact in organic synthesis due to their mild properties as oxidizing agents. Although, the first hypervalent iodine compound, dichloroiodo benzene, was synthesized about a century ago [15] , however, the interest to use them as catalysts in organic synthesis has been developed in last two to three decades. A range of novel hypervalent iodine compounds have been synthesized and utilized in organic synthesis of desired interests [16, 17] . The hypervalent iodine reagents provide an excellent opportunity to optimize the trivial reactions with improved yields and reduced environmental hazards [18] . In addition, some reagents also provide selectivity in organic synthesis [19] . The representative members in the pool of hypervalent iodine compounds are including phenyliodonium diacetate (PIDA), (hydroxy(tosyloxy)iodo)benzene (HTIB) and phenyliodine bis(trifluoroacetate) (PIFA) etc. which have been frequently used in organic synthesis [20] . In present study, the phenyliodonium diacetate has been selected for the requisite oxidative arrangement which was found a complete selective way to yield the desired product. The oxidative method was successfully applied to synthesize the flavone 15, isoflavone 8, and alkyl 2-aryl-2,3-dihydrobenzofurane 18 cores of the corresponding flavanones. 
Experimental

Reagent and instrumentation
Vanillin (ReagentPlus®, 99%), isovanillin (≥95.0%), benzyl bromide (reagent grade, 98%), 2′-hydroxyaceto phenone (2′-HAP) (≥98%), 18-crown ether (≥ 99.0%), phenyl iodonium diacetate (98%), trimethyl orthoformate (TMOF) (99%), sodium acetate anhydrous (>99%), sodium hydroxide (reagent grade, ≥ 98%), acetyl chloride (reagent grade, 98%), meta-chloro perbenzoic acid (≤77%), and benzaldehyde (≥99.5%) were purchased from Sigma-Aldrich and used without purification unless described. The solvents such as acetone, CHCl3, CH2Cl2 and Et3N dried over CaH2. Tetrahydrofuran were dried over sodium metal and benzophenone ketyl. Thin layer chromatography was performed on silica gel 60 aluminium-coated plates having 0.063-0.200 mm as the stationary phase. Visualization was achieved by UV radiation (254 nm) or by using staining reagents such as basic potassium permanganate solution or vanillin solution for unsaturated compounds. 1 H and 13 C NMR spectra were recorded on Bruker-AV 300, 400 or 500 MHz in deuterated solvents (DMSO-d6, CDCl3 and MeOH-d4), and tetramethylsilane (Me4Si) was used as internal standard. The residual peaks for different solvents were calibrated as follow; CDCl3 ( 1 H 7.26 (H2O 1.56) and 13 C 77.0 ppm), DMSO ( 1 H 2.50 (H2O 3.33) and 13 C 39.43 ppm) and MeOD ( 1 H 3.31 and 13 C 49.0 ppm) [21] . The IR spectra were recorded on Bio-Rad FT-IR spectrometer Paragon 1000. HRMS (EI) were obtained on Bruker Apex III (FT-ICR-MS, 4.7T Magnet, MSn) for Apollo electrospray Source, HP 1100.
Computational methods
Molecular geometries of flavone and isoflavone were optimized without any symmetry constraints at B3LYP/6-311G(d,p) level of density functional theory. The B3LYP method, which consists of parameter hybrid functional of Becke [22] three in conjunction with the correlation functional of Lee, Yang, and Parr [23] , is a computational cost effective method for accurate prediction of geometries of a variety of organic compounds ranging from polymers [24] to natural products [25, 26] The optimized geometries were evaluated as true minima by frequency analysis (no imaginary frequency). The calculated frequencies are reported as such without any scaling factor. UV-vis absorption spectra were simulated through time dependent DFT (TD-DFT) approach at B3LYP/6-311G(d,p). HOMO, LUMO and their band gap energies calculations were performed on the optimized structures of compound 8 and 15 at the same level. The band gap was calculated as the difference between the HOMO and LUMO orbital energies [27] .
Synthesis
4-Benzyloxy-3-methoxy-benzaldehyde (5)
An oven dried round-bottomed flask was charged with vanillin (3.0 g, 19.0 mmol) followed by the addition of 18-crown ether (0.5 g, 9 mmol) and anhydrous K2CO3 (5.2 g, 38 mmol) in 150 mL of acetone as solvent. Now to the resulting mixture, benzyl bromide (3 mL, 19.0 mmol) was added at room temperature. The reaction mixture was heated at reflux for 5 h until TLC analysis showed no starting material, vanillin. The reaction mixture was cooled to room temperature and then solvent was evaporated on rotary evaporator. To the resulting residue distill water was added and then extracted it with ethyl acetate (50 mL × 3). All the organic layers were combined, dried over MgSO4 and filtered. The solvent was evaporated under reduced pressure to get the crude mixture which was then subsequently purified by using silica gel column chromatography with eluents (Hexane:EtOAc, v:v, 9:1) to afford the pure desired product 5 (Scheme 1). Color: White solid. Yield: 3.6 g, 75%. 1 To an oven dried round bottom flask 2′-hydroyaceto phenone (0.4 mL, 4.1 mmol) was added, followed by the addition of MeOH:THF (v:v, 1:1, 10 mL), 60% NaOH (5 mL) and solution of compound 5 (0.4 mL, 4.1 mmol) in MeOH:THF (v:v, 1:1, 5 mL). The resulting mixture was stirred for 4 h and poured it in to ice cold water whose pH was adjusted to 2. Filtered the residue, dissolved in chloroform and washed with 5% NaHCO3, dried over MgSO4, filtered and evaporated the solvents in vacuo. The product was recrystallized with EtOH to get compound 6 in pure form as crystals (Scheme 1 
2-(4-Benzyloxy-3-methoxy-phenyl)-chroman-4-one (7)
To an oven dried round bottom flask, a solution of compound 6 (0.6 g) and anhydrous NaOAc in 100 mL of MeOH was heated at reflux for 24 h. The reaction was monitored by TLC analysis. After the complete consumption of starting material, the solvent was removed in vacuo and water (30 mL) was added to the resulting residue. The aqueous phase was extracted with EtOAc (30 mL × 3). The combine organic layer was dried over MgSO4, filtered and concentrated. The crude product was purified by using flash column chromatography (15% EtOAc in hexane) to yield the compound 7 (0.4 g, 70%) as an off-white solid, with some unreacted starting material 6 (0.18 g) (Scheme 1 
3-(4-(Benzyloxy)-3-methoxyphenyl)-4H-chromen-4-one (8)
To a stirred solution of flavanone 7 (0.078 g, 0.2 mmol) in trimethyl orthoformate (TMOF) (8 mL) H2SO4 (2 drops) was added dropwise the solution of PIDA (0.09 g, 0.20 mmol) in trimethylorthoformate (3 mL) at room temperature. The resulting mixture was overnight room temperature. The solvent was removed in vacuo and then water was added to the resulting residue. The solution was stirred for further 2 h at room temperature. The mixture was then extracted with dichloromethane, washed with an aqueous solution of NaHCO3. The organic layer was separated, dried over MgSO4, filtered and evaporated in vacuo to get oil. It was then purified by using silica gel column chromatography with eluents hexane: EtOAc 
Crystal structure analysis of compound 8
Crystal structure data of compound 8 was collected on a Nonius Kappa CCD area detector (ϕ scans and ω scans to fill asymmetric unit). Cell determination: DirAx [28] . The data was collected by Hooft and Nonius sofware [29] . Data reduction and cell refinement: Denzo [30] . Absorption correction: Sheldrick, G. M. SADABS-Bruker Nonius area detector scaling and absorption correction-V2.10 Structure solution: SHELXS97 [31] . Structure refinement: SHELXL97 [32] . Graphics: Cameron-A Molecular Graphics Package [33] . Special details: All hydrogen atoms were placed in idealized positions and refined using a riding model. Crystallographic data for compound 15 has been deposited to Cambridge Crystallographic Data Center.
3-Acetoxy-4-methoxyphenol (10)
To the solution of 3-acetoxy-4-methoxybenzaldehyde (3.0 g, 15.4 mmol) and m-CPBA (5.3 g, 30 mmol) in dry DCM (60 mL) was heated under the reflux with stirring for 5 h. The reaction mixture was then cooled to room temperature. Filtration and removal of the solvent at reduced pressure afforded an oily residue, which was diluted with EtOAc and washed with 5% NaHCO3 and brine. The residue was then dissolved in EtOH (50 mL), after the addition of 5% NaHCO3 aq (100 mL). The solution was stirred for 17 h at room temperature. The reaction mixture was acidified to pH = 2 with 2 M HCl, salted out and extracted with EtOAc. The extract was washed with brine and 5% NaHCO3 aqueous solution successively, dried over anhydrous Na2SO4 and filtered. After the removal of the solvent at reduced pressure, the residue was purified by column chromatography on the silica gel with DCM/ EtOAc 
1-(2,4-Dihydroxy-5-methoxyphenyl)ethanone (11)
To a solution of 3-acetoxy-4-methoxyphenol 10 (1.5 g, 8.2 mmol) was added neat boron trifluoride diethyletherate BF3·Et2O (2 mL, 16.4 mmol). The reaction mixture was stirred at 70 °C for 2 h and then cooled to room temperature. The suspension was taken up in saturated aqueous NaOAc (25 mL) and saturated aqueous of NaHCO3 was added until no further CO2 was evolved. The suspension was then extracted with EtOAc:Et2O (1:1, v:v). The extract was washed with brine, dried (Na2SO4) and solvent was removed under reduced pressure to give a solid compound 11 (Scheme 2). Yield: 90%. 1 
(E)-1-(4-(Benzyloxy)-2-hydroxy-5-methoxyphenyl)-3-phenylprop-2-en-1-one (13)
To a solution of KOH (0.645 g, 24 equiv) in EtOH:H2O (1:1, v:v, 5 mL), was added dropwise to a mixture of benzaldehyde (5 mL) and 4-benzoyloxy-2-hydroxy-3-methoxy acetophenone (5 mL). The reaction mixture was stirred overnight at room temperature and diluted with diethyl ether (30 mL). The organic layer was separated and the aqueous layer was further extracted with ether (30 mL × 2). The combined organic layers were washed with 5% HCl, water, and brine solution, dried over Na2SO4, filtered, and concentrated in vacuo. The crude product was purified by using silica gel column chromatography using hexane: EtOAc 
7-(Benzyloxy)-6-methoxy-2-phenylchroman-4-one (14)
A solution of compound 13 (0.050 g, 0.138 mmole) and anhydrous sodium acetate (90.147 g, 17 mmol) in 20 mL of MeOH was heated at reflux for 5 h. After cooling, the solvent was removed in vacuo and H2O was added to the resulting residue. The aqueous phase was extracted with EtOAc (30 mL × 3). The combined organic layer were dried over anhydrous MgSO4, filtered and concentrated on rotary evaporator under reduced pressure. The crude product was purified using column chromatography with eluents hexane: EtOAc 
6-(Benzyloxy)-7-methoxy-2-phenyl-4H-chromen-4-one (15)
To a stirred solution of flavanone 14 (0.015 g, 0.041 mmol) in TMOF (5 mL), conc. H2SO4 (20 μL) was added. To this mixture, a solution of PIDA (0.0132 g, 0.041 mmol) in TMOF (3 mL) was added drop wise at room temperature and the reaction mixture was stirred for overnight. Subsequently, the solvent was removed and water was added to the residue. The solution was stirred for 2 h, then extracted with DCM, washed with an aqueous solution of NaHCO3, and dried. Evaporation of the solvent gave an oil which was purified by column chromatography on silica gel using hexane: EtOAc 
Crystal structure analysis of compound 15
Crystal structure data of compound 15 was collected on a Nonius Kappa CCD area detector (ϕ scans and ω scans to fill asymmetric unit). Cell determination: DirAx [28] . The data was collected by Hooft and Nonius sofware [29] . Data reduction and cell refinement: Denzo [30] . Absorption correction: Sheldrick, G. M. SADABS-Bruker Nonius area detector scaling and absorption correction-V2.10 Structure solution: SHELXS97 [31] . Structure refinement: SHELXL97 [32] . Graphics: Cameron-A Molecular Graphics Package [33] . Special details: All hydrogen atoms were placed in idealized positions and refined using a riding model. Crystallographic data for compound 15 has been deposited to Cambridge Crystallographic Data Center.
4-formyl-2-methoxyphenyl trifluoromethane sulfonate (16)
To the solution of vanillin (0.5 g, 3.2 mmole) in dried acetone (30 mL), Et3N (0.4 mL, 3.2 mmol) and CF3SO2Cl (0.3 mL, 3.2 mmol), was added. The resulting reaction mixture was heated at reflux for 2 h. After completion of reaction, the solvent was removed under reduced pressure. The resulting residue was washed with 1M KHSO3 (20 mL), and then extracted with DCM (30 mL x 3). The combined organic layer was dried over MgSO4 to obtain the product 16 as pure yellow oil (Scheme 3). Yield: 0.76 g, 77%. 1 
Trifluoro-methanesulfonic acid 2-methoxy-4-(4-oxochroman-2-yl)-phenyl ester (17)
An aqueous solution of NaOH (60%, 50 mL) was added to the solution of 2′-hydroxyacetophenone (0.2 mL, 1.6 mmol) in MeOH (50 mL) and the resulting mixture was heated at reflux. The solution was cooled to room temperature, and then 16 (0.5 g, 1.6 mmol) was added. The reaction mixture was poured into the mixture of water and HCl with pH = 2. The mixture was further stirred overnight and then extracted with CHCl3 (30 mL × 3), followed by washing with 5% aqueous NaHCO3, and the combined organic layer was dried over MgSO4. The reaction mixture was purified by using silica gel column chromatography using hexane:EtOAc, (9:1, v:v) to obtain a compound as amorphous solid 17 with a 10% yield (Scheme 
2-(3-Methoxy-4-trifluoromethanesulfonyloxyphenyl)-2,3-dihydro-benzofuran-3-carboxylic acid methyl ester (18)
To a stirred solution of flavanone 17 (0.1 g, 0.27 mmol) in TMOF (12.5 mL) H2SO4 (20 μL) was added a solution of PIDA (0.087 g, 0.27 mmol) in TMOF (2.7 mL) drop wise at room temperature. The reaction mixture was stirred overnight. The solvent was removed under reduced pressure and water (20 mL) was added to the residue, followed by stirring for 2 h. The mixture was then extracted with DCM (30 mL × 3), washed with an aqueous solution of NaHCO3. The combined organic layer was dried over Na2SO4, filtered and evaporated in vacuo. The resulting residue was purified by using silica gel column chromatography with eluents hexane: EtOAc 
Results and discussion
Synthesis
Flavanones were synthesized via a three-step procedure and reaction path, depending upon the substitution pattern on the starting material, different flavanones were prepared and oxidative rearrangement was attempted. Initially, the benzylated flavanone 7 was synthesized using vanillin 4 as the starting material. Vanillin 4 was benzylated using standard conditions to yield 4-benzyloxy-3-methoxy-benzaldehydein 5 in 75% yield. The resulted benzylated compound 5 underwent aldol condensation [34] , with the 2′-hydroxyacetophenone to produce chalcone intermediate 6 which was then subjected to cyclization in the presence of sodium acetate to form flavanone 7 in an excellent yield of 95% [35, 36] . The flavanone 7 was then oxidized with the PIDA and TMOF (Trimethyl orthoformate) [37] [38] [39] [40] , surprisingly the oxidative rearrangement proved highly regioselective to form isoflavone 8 as a major product in moderate yield, X-ray crystallography was used to confirm the structure of compound 8 (Scheme 1, Figure 2 ). The details concerning data collection and refinement are given in Table 1 . Following the successful synthesis of the flavone core, we moved towards our next target, the isoflavone core. To achieve this task, the commercially available isovanillin 9 was acetylated under basic conditions. The resultant acetylated product subsequently treated with m-chloroperoxybenzoic acid (m-CPBA) followed by hydrolysis with sodium bicarbonate in ethanol afforded the decarbonylated product 10 in excellent yield (80%) over 2 steps. The compound 10 was then treated with BF3·OEt2 to form 2,4-dihydroxy-5-methoxyacetophenone 11 via Fries rearrangement [38] in an overall 70% yield. The compound 11 was benzylated to produce compound 12 followed by aldol condensation with benzaldehyde (1 equiv.) in the presence of KOH and EtOH:H2O to synthesize chalcone derivative 13 in 78% yield. The cyclization with sodium acetate resulted in the flavanone 14. Oxidation of this particular flavanone 14 using TMOF and PIDA only resulted in flavone 15 regioselectively in 62 % yield. X-ray crystallography proved the structure of compound 15 (Scheme 2, Figure 3) . The details concerning data collection and refinement are given in Table 2 . After successful synthesis of isoflavone 8 and flavone 15 using the oxidative method, the next target was benzofuran core. For this purpose, the protecting group on ring B of the flavanone was changed to methoxy methyl ether (MOM) but the oxidative rearrangement failed to give any desired product. Thus, a selection of different protecting group was required and triflate group was the next choice. Vanilin 4 was first protected with triflate group to form compound 16 which underwent aldol condensation in the presence of NaOH/MeOH and the subsequent cyclization of the intermediate took place under the same reaction mixture to produce flavanone 17 in low yield due to hydrolysis of starting material 16 to In summary, the oxidative rearrangement proved successful on flavanones with benzyl or triflate group as protecting group on B ring, yet it remained unsuccessful on changing the protection of benzyl group with methoxy methyl ether (MOM) or having halide group substitution on A ring of flavanone. We are currently working on this methodology in further detail to overcome the limitations faced during this synthesis and to optimize conditions for the oxidative rearrangement of more substituted flavanones.
Geometrical studies
DFT calculations were performed to get detailed insight into the structures of the synthesized flavonoids 8 and 15. Geometries were optimized at B3LYP method of DFT at 6-311G(d,p) basis set. The detailed geometric analysis of compounds 8 and 15 were presented and the theoretical data for these compounds could be correlated to the experimental geometric parameters, obtained through X-ray crystal structure data of compound 8 and 15.
Both, flavone 15 and isoflavone 8 are isomeric, however; the flavone 15 is 4.5 kcal more stable than 8. A detailed structural analysis revealed that most of the geometric parameters are comparable in both structures. The increased stability of compound 15 was attributed to planarity of the phenyl ring relative to the chromen-4-one scaffold. The phenyl ring B had a dihedral angle of 20.7° in compound 15 compared to 38.9 ° in compound 8 ( Figure 4 ). Non-bonding interactions of keto and alkoxy oxygen atoms were also shown in Figure 4 . In compound 8, keto oxygen atom acted a hydrogen bond donor to H-16 at a distance of 2.39 Å. In compound 15, a similar interaction was present between O-2 and H-11 at a distance of 2.38 Å (Figure 4) .
Moreover, the theoretically calculated geometric parameters were compared with the experimentally obtained through X-ray crystal analysis, and were given in Table 3 and 4. The calculated geometric parameters showed a good correlation with the experimental geometric parameters. Bond predicted lengths were generally accurate within 0.01 Å limit except a few bonds which deviating about 0.03 Å from the experimental values. Similarly differences between theoretical and experimental bond angles were less than 1 degree. These results illustrated that B3LYP/6-311G(d,p) level is quite accurate in predicting the geometrical parameters of isoflavonoid and flavonoid type natural products. 
UV-vis and IR spectra
Compound 8 and 15 demonstrated very similar experimental vibrational spectra under neat conditions, mainly because of similar nature and number of functional groups. Band peaks for C=O functional group could be observed experimentally at 1689 cm -1 for both compound 8 and 15. The simulated spectra for compound 8 and 15 showed band peaks at 1711 and 1712 cm -1 , respectively. The numbers were in close agreement with the experimental values and were unscaled. Similarly, the other main band peak for both compounds was observed at 1303 cm -1 . Analysis of the theoretical vibrational spectra revealed that there were two intense peaks in this region 1300 and 1286 cm -1 . The former corresponded to aromatic C-H bending whereas the later is associated with O-C stretching. The theoretical model chosen here could accurately predict the vibrational spectra for these interesting natural products without any scaling factor.
The vibrational spectrum of compound 8 showed close similarity with compound 15, however, the UV-vis absorption spectrum had small differences. Compound 8 showed two major peaks at 346 and 276 nm whereas in compound 15, these peaks were observed at 341 and 273 nm. The simulated absorption spectrum of compound 8 at B3LYP/6-311G(d,p) showed two major peaks i.e., at 375 and 305 nm. Although the absolute values of the simulated absorption peaks were slightly different than the experimental values however, the difference in two peaks was same theoretically and experimentally. The simulated absorption values weare about 29 nm higher than the experimental value. Similar differences in absorption peaks were well-known for DFT methods and already discussed in the literature in detail [28, 29] . Furthermore, we had previously reported a closely related flavanone compounds, a difference of about 26 nm was observed between the theoretical and experimental absorption peaks [28] . The absorption at the longest wavelength for compound 8 (375 nm) corresponded to 3.3 eV energy for the excitation. We had simulated the energies of HOMO and LUMO in order to find whether this excitation was actually from HOMO to LUMO, or to some other orbitals. Simulated energies of HOMO and LUMO at B3LYP/6-311G(d,p) were -5.6 eV and -1.77 eV, which corresponded to the band gap of 3.82 ev, which was slightly higher than the excitation energy of 3.3 eV. This clearly illustrated that the transition corresponding to maximum wavelength was actually a transition from HOMO to LUMO. HOMO and LUMO for compounds 8 and 15 were shown in Figure 5 and 6, respectively. HOMO and LUMO of both compounds had maximum contribution from π bonds; however, it was interesting to note that charge densities were oriented differently. HOMO was mainly located on the chrome-4-one skeleton in compound 15 (Figure 6a ) compared to its location on phenyl ring in compound 8 (Figure 5a ). On the other hand, LUMO in compound 8 was oriented on the chrome-4-one scaffold (Figure 5b ) whereas the LUMO was shifted to the phenyl ring (Figure 6b ). An interesting characteristic feature in both compounds was the orientation of HOMO next to the benzyloxy moiety whereas the LUMO was present at the far positions. Since HOMO and LUMO are the frontier orbitals and play key role in the reactivity of any compound. It is believed from the analysis of HOMO and LUMO of compounds 8 and 15 that different rings in isoflavonoids and flavonoids would be reactive towards any chemical reaction. We believe that this study would be quite helpful in exploring the chemistry of isoflavonoids and flavonoids.
Conclusions
In conclusion, a successful oxidative method has been explored for oxidation of flavanones to flavone, isoflavone and benzofuran molecules which are highly reminiscent of the naturally occurring flavonoids, especially, quercetin 1, genstein 2, and lawsonicin 3. This method is highly regioselective and sensitive to the selection of protecting group on B ring of flavanone. The efforts are underway to utilize and modify this oxidative method to approach the above mentioned natural products. DFT calculations have been performed to compare the bond lengths, bond angles to those obtained through X-ray crystallography. Moreover, the theoretically simulated vibrational and UV-Vis spectral values correspond with the experimentally observed values. Analysis of HOMO and LUMO not only revealed the band gap but also predicted the different reactive sites in flavonoid and isoflavonoid. 
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